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CHANGES I N  PULSE RATE S P m  I N  LIMBS 

DUE 'IO AGE AND OCCUI'ATION 

W. W&banovl 

R a t e  of propagation of the pulse wave i s  considered one of the  f 321* 

most important diagnostic s igns of the  state of e l a s t i c i t y  of the  a r t e r i e s  

( refs .  1 and 2 ) .  I n  1876 R e s a l  w a s  the f i r s t  t o  deduce the  equation c = p i3  

( r e f .  3). 

of t h e  vesse l  w a l l ,  8 i s  the  thickness of the vessel  w a l l ,  a is  the inner 

radius  of the arterial  tube, and h i s  the  density of t h e  f l u i d .  

Here C i s  the  rate of the pulse wave, E i s  the  module of e l a s t i c i t y  

The equation shows t h a t  t he  propagation rate of the  pulse wave is pro- 

por t iona l  t o  the  module of e l a s t i c i t y  of the  arterial  w a l l .  It follows t h a t  

the  rate of the  pulse wave increases with hardening of the  arterial  w a l l  and 

with increase of i t s  module of e l a s t i c i t y .  

observed an increased r a t e  of the pulse wave with increasing age and with 

hardening and thickening of the arterial w a l l .  

Many authors (refs. 2 and 4-7) 

Beginning with the f a c t  t h a t  the hydrostat ic  pressure i s  grea te r  on the  

lower limbs than on the  upper limbs during the  course of human l i f e ,  we set 

*numbers given i n  the  masgin indicate the  pagination i n  the  o r ig ina l  foreign 

t e x t .  

' Ins t i tu te  of Physiology, Bulgarian Academy of Sciences. 
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ourselves the task o 
. _  

investigating the changes of the pulse rate i n  both 

areas, as caused by age and occupation. 

W e  investigated 110 persons, divided in to  three groups: Group 1, 40 

persons, barbers with over 30 years of working a t  t h i s  t rade,  54-61 years 

old (average age, 56.6 years) ; Group 2, 40 persons, shoemakers, with over 

. - __ 

30 years of work, aged 33-62 (average age, 55.8 years), and Group 3, 30 

persons of younger age and various trades, 16-38 years old,  with an average 

age of 22.8 years. I n  the persons of Group 1 the trade i s  connected with a 

great dea l  of standing and consequent heavy hydrostatic pressure OR the  

vasculas system of the leg&, whereas the persons of Group 2 do t h e i r  work i n  

a low, s i t t i n g  posi t ion,  with very l o w  loading of the vascular system of t h e  

legs  by the  hydrostatic f a c t o r .  

i n  the  age charac te r i s t ics  of either group. 

and clinicophysical examinations that all tes t  subjects were f r ee  of any 

cardiac and vascular damage. 

There i s  no s t a t i s t i c a l l y  va l id  difference 

W e  determined by anamnestic da t a  

W e  determined the  rate of the pulse wave with an ind i rec t  method, /322 

which had been used by I.  Manuiloba ( re f .  8) and F .  Lebedev and J. Sternshnis 

( re f .  9) i n  determination of the in te rva l  between the  R def lect ion of t he  EKG 

and the  stast  of a pulse wave a t  a def in i te  per ipheral  point .  

ac tua l ly  not speed o r  rate, but  the t i m e  i n t e rva l  of t h e  propagation of the  

pulse wave from the  aorta t o  a given peripheral  point.  

This quant i ty  is  

With t h i s  method we cannot determine the rate of the  pulse wave i n  absolute 

values, because the length t rave l led  by the pulse wave cannot be measured ex- 

ac t ly .  

are i n  inverse r e l a l t i o n  of the  changes i n  the speed of the pulse wave, are 

However, the changes i n  the time of propagation of a pulse wave, which 
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s igni f icant  enough i n  group examinations also t o  indicate  changes of the rate 

of the pulse wave. 

For our purposes w e  examined the t h i r d  der ivat ive of the EKG, a t  the sane 

t i m e  regis ter ing the pulse wave a t  the arteria radiaJis and asteria do r sa l i s  

pedis of t he  r i g h t  l i m b s  by means of piezocrystal l  readings ( f i g .  1). 

visiograph l ' A l v ~ l '  w a s  used f o r  reg is t ra t ion  and amplification. 

A 

When taking 

sphygmograms the amplifier inputs were connected t o  0.1 F block condensators 

(as auxi l iary shu t t e r  res i s tance) ,  i n  order t o  eliminate the small high- 

frequency osc i l la t ions  of muscle and skin. Registration w a s  done w i t h  a tape 

speed of 60 mm/se. Examination w a s  done w i t h  completely horizontal  posit ion 

of body and l i m b s .  The tes t  subjects w e r e  w e l l  rested. I n  the s t a t i s t i c a l  

evaluation of the r e s u l t s  w e  compared the t i m e  in te rva ls  between the R def lect ion 

of the EXG and the start of the pulse wave i n  the  a r t e r i a  radialis and arteria 

dorsa l i s  pedis as w e l l  as the time d i f f e r e n t i a l s  i n  the appearance of the two 

pulse waves. 

Figure 1. Electrocardiogram and pulse r e g i s t r a -  

t ion. EKG, electrocardiogram-I11 derivative; adp, 

pulse r e g i s t r a t i o n  at the arteria dorsa l i s  pedis; 

ar, pulse r e g i s t r a t i o n  at  the arteria r a d i a l i s .  

3 
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TAB- 1 

Time i n t e rva l  Time i n t e rva l  
betw. R deflec- b e t w .  R de f l .  

t i o n  and pulse and pulse wave 
wave i n  a. ra- i n  a. dors. ped. 

d i d i s  (sec)  (see)  

Group 1 (standing) 0.124 0.003 0.173 0.004 

Group 2 ( sitting) 0 .l3O 0.002 0.194 0.003 

Group 3 (younger) 0.144 0.003 0.239 0.004 

Time in t e rva l  b e t w .  
start of pulse wave 
i n  a. rad. and a. 

dors. ped. 
( set> 

0 .ow 0.002 

0.064 0.002 

0.095 0.003 

The results of the examination are given i n  t ab le  1. 

The table as w e l l  as the  r e su l t s  of the s t a t i s t i c a l  analysis show the 

following i n  regard t o  the truthfulness of the  differences.  
- 
The t i m e  of propagation of the pulse wave t o  the periphery i s  shorter  i n  

the group of older persons than i n  the group of younger persons. This com- 

p l e t e ly  agrees with the r e s u l t s  of t h e  mentioned authors (refs. 2 and 4-7), 

who proved increased pulse wave ra tes  with increasing age. This age- /323 

conditioned increase i n  the rate of the pulse wave i s  greater  i n  the legs  than 

i n  the  arms. This explains the  decrease of the time in t e rva l  between the  appear- 

ance of the pulse i n  the  arteria radialis and the  arteria dorsa l i s  pedis which 

i s  0.093 sec i n  the  younger group and 0.64/0.48 sec i n  the two older groups. 

I n  Group 1 (working while standing) the decrease i n  t i m e  of the  pulse wave 

propagation i n  the  legs  i s  more noticeable; this i s  also t rue  of the  shortening 

of t i m e  i n t e rva l  between the  appearance of the pulses i n  the  arteria radialis 

and the asteria dorsa l i s  pedis.  

These results permit the conclusion tha t  t he  module of e l a s t i c i t y  of the 

arteries i n  the  legs increases with increasing age (because of hardening of 

the arterial w a l l )  t o  a greater  extent than i s  the  case i n  the  upper limbs. 

4 



This phenomenon appears even more clear ly  i n  the t rades  and occupations with"-] 

higher hydrostatic loading of the vascular system of the legs  because of 

standing, upright working conditions. 

W e  f u r the r  note tha t  the method used by us f o r  determination of the r a t e  

of the  pulse wave, where the s t a r t i n g  point w a s  taken as the moment of bio- 

e l e c t r i c  a c t i v i t y  of the chambers and not the actual  start of the  pulse wave 

i n  the aorta ,  does have an e r ror ,  but t h i s  was not of importance i n  our com- 

parat ive investigations.  E.  Simonson and K. Nakagawa ( r e f .  10) determined 

t h a t  the  t i m e  of e ject ion of the pulse volume from the l e f t  chamber-after 

the  start of t h e  chamber complex up to  the appearance of the pulse wave i n  

the  aorta--increases with age. Under t h i s  condition the e r r o r  i n  the com- 

parison of the r e s u l t s  f o r  older and younger persons, which consis ts  only 

of milliseconds, does not contradict  our r e s u l t s ,  nei ther  because of i t s  

insignificance nor because of the direction of i t s  e f f ec t s  . 

REFERENCES 

1. Savitskiy,  E. N .  Methods of Investigating Functional Evaluation of the 

Circulatory System (Mekotoryye rnetody issledovniya f unktsional'noy 

otsenki sistemy krovoobrashcheniya). Medgiz, Moscow, 1956. 

2. 

3. Gromeka, I. S. Collected Works. The Distribution Velocity of Wave- 

Landowne, M. J. Gerontology, V o l .  13, No. 2, 153-161, 1958. 

type Motion of Liquids i n  Elas t ic  Tubes (Sobraniye Sochineniy. 0 

skoro s t i r as spro s t r aneni ya vol2o -o?xaziogo dl-i zli 3 3  i ya z'?i dks sse y ir 

uprugikh trubkakh),Moscow, pp. 172-183, 1952. 

4. Wezkr,  K.  and Bager, A. Z.  Ze i t schr i f t  f g r  Kreislaufforschung, 

Val. 28, 553, 579, 1'336. 

5 



NASA TT F-9760 --- 

__ , I  

5. Morozov, K.  A .  Terapevt. Arkhiv, 32, No. 9, 28-32, 1960. 1 

6. Woolam, G .  L . ,  Schnurr, P .  L., Vallbona, C.  and Hoft, H.  E. Circulat ion,  

V O l .  25, No. 3, 333-539, 1962. 

7. Michel, D. A.  and Hartleg,  0. Z. f .  Kreislaufforsch. V o l .  10, No. 4, 

296-3073 1957. 

8. Manuilova, I. D. Sovetskaya Meditsina, 22, 10, 105-108, 1958. 

9. Lebedev, F. M. and SSiS&rnshnis, Yu. S. Klin. Med., N o .  8, 111-115, 1958. 
t 

10. Simonson, E. and Nakagawa ,  K.  Circulation, Vol. 22, No. 1, 126-129, 1960. 

6 




